In order to further explore these differences between the vertebrate and insect CRYs, we examined the role of SCN, in which the clock is entrained to light indirectly via the eye, the Xenopus laevis retina contains a robust clock that can oscillate independently and can be entrained by light directly [7, 26, 27] . We tested the xCRYs
Results
Cryptochromes (crys) have been identified in many organusing a transient transfection experiment similar to those described for mCRYs in which a per E box-containing isms including plants, insects, and vertebrates [3] [4] [5] . CRYs are involved in circadian clock function in all of these promoter drives a luciferase reporter [28, 29] . Expression of xCLOCK and xBMAL1 in these cells causes a large organisms, although their roles in the clock vary. We have cloned three cryptochromes from the Xenopus laevis retina activation of the luciferase reporter gene activity ( Figure  1) , similar to what has been seen in all other systems and named them xcry1, xcry2a, and xcry2b based on their high degree of similarity to mouse cry1 and cry2 [6] . In studied. Expression of xCRYs can effectively shut down this activation in a dose-dependent manner. Total represthe Xenopus retina, which contains an endogenous circa- sion was observed when equal amounts of xcry1 or xcry2b and xClock and xbmal1 cDNA were transfected; although, relative protein levels in these cells are not known ( Figure  1 ). Although all three CRYs were effective at repression, we did notice that xCRY2a is considerably weaker than the other two xCRYs, most likely due to the fact that this clone is missing sequence that would result in the loss of approximately 80 amino acids from the amino-terminus of the protein [6] . (For this reason, xCRY2a was omitted from subsequent experiments.) We found that light has no effect on the ability of xCRYs to suppress xCLOCK/ xBMAL1 activation in this assay; the cells kept under constant bright light (1.6 mW/cm 2 ) throughout the experiment are indistinguishable from the samples kept in constant darkness (Figure 1 ).
Though the repressive action of xCRYs is not light sensitive in this cell culture study, xCRYs do have a distinct flavin binding domain. Flavin is often part of electron transport systems and is also sensitive to light. In fact, it is believed that the light responsiveness of dCRY, plant CRY, and photolyases are all mediated through the bound flavin [4, 14, [30] [31] [32] . To test whether flavin binding is important to xCRY function, we generated a mutation analogous to a dCRY mutation, cry baby , in which one of the amino acids thought to be involved in flavin binding was mutated from aspartic acid (D) to asparagine (N). Flies with this mutation are defective in their ability to entrain to light but can maintain a locomotor rhythm if entrained to a temperature cycle [14] . This mutation is thought to disrupt flavin binding, although this has not been directly demonstrated. In addition, it was initially thought that the cry baby mutation affected the protein stability [14] , but later studies showed that the mutation also affected the interaction between TIMELESS, CRY [13], and PER [22] . In our experiment, we found that the cry baby -like mutation severely inhibits both xCRY1's and xCRY2b's function (Figure 2) . Again, no difference in activity can be detected in light or dark conditions (Figure 2 ). Cell extracts prepared from the transfected cells were tested for xCRY protein levels by Western blot (Figure 2, inset) . This analysis shows that the levels of mutated and wildtype proteins are comparable, indicating that the loss of function in the mutant is not due to the instability of the protein.
xCRYs can suppress xCLOCK/xBMAL1 activation in both constant light and constant dark conditions. COS-7 cells were transfected with a per E box-luciferase reporter gene and various expression plasmids.
Since an intact flavin binding domain appears to be crucial in one of the conserved putative transport pathways that was well characterized in photolyase studies. In order for 
Xenopus cry baby
-like mutation alters xCRY function. These experiments were done as described for Figure 1 , except that, in some cases, will block this pathway [34, 35] . Interestingly, these three mutated xcry plasmids were used. From left to right, the ratio of xClock, tryptophans are conserved in all animal CRYS that have xbmal1, and xcry or xcry mutations used were 1:1:1, 1:1:0.1, and been examined. We generated conservative mutations in 
W378, and xCRY2b-W401), changing each to tyrosine (Y).
protein level in the cell lysates. As the amount of the expression plasmid
As in the photolyase analysis, it is unlikely that these decreased, less protein was observed. (A triple asterisk indicates that p Ͻ 0.001; ANOVA with Tukey-Kramer posthoc test comparing conservative mutations will affect the tertiary protein the effect of the wild-type and mutant protein at same transfected structure [34] . Surprisingly, our data show that these mutadosage.) These data are representative of three independent replicates tions have differential effects on xCRY1 and xCRY2b. In of this experimental protocol.
xCRY2b, mutations in any of the three conserved tryptophan residues are severely defective in suppressing xCLOCK/xBMAL1 activation. In contrast, only the mutation in the third tryptophan (W397Y) significantly affected photolyase to repair DNA, its bound flavin must be in the reduced form [30, 33] . The flavin is reduced by light the activity of xCRY1 (Figure 3 ). In addition, the effect of mutations on both xCRY1 and xCRY2b does not result through an electron transport chain that involves three critical tryptophan residues [34] [35] [36] . In E. coli photolyase, in total loss of function and is less severe than the cry baby mutation (compare to Figure 2 ). The entire coding regions the electron is transported from W306 to W359 to W382 and then to flavin. Mutation in any of these tryptophans of the mutant genes were sequenced to verify that no In this study, we confirmed that xCRY can suppress function is dependent on an intact flavin binding domain. note that, although this electron transport pathway was the photolyase, it also appears to be used for these light- 
